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-ourse Code: PHY.507 
-ourse Title: Classical Mechanics 
Fotal Hours: 60 


Learning Outcomes: The learners will be able to 
e Explain tools of classical Mechanics such as Newton's laws, Lagrangian 
mechanics and Hamiltonian formalism. 
Extend Hamiltonian formulations to Hamilton - Jacobi theory. 
Apply the formulations of classical Mechanics to the central force problem. 
Solve scattering theory problems and small oscillation's problems. 
Formulate the problems of rigid body dynamics based on Lagrangian. 


Course Contents 


Unit-I 16 hours 

Lagrangian Formalism: Newton's laws, Classification of cons’ ۱ 
D'Alembert's principle and its applications, Generalized coordinates, La 8/52 

equation for conservative, non-conservative and dissipative syste. 
problems, Lagrangian for a charged particle moving in an electromagnetic uuu, 
-yclic-coordinates, Symmetry, Conservations laws (Invariance and Noether's 
theorem), Gauge Transformations. 

Theory of Small Oscillations: Periodic motion, Types of equilibria, General 
formulation of the problem, Lagrange's equations of motion for small oscillations, 
Normal modes, Applications to linear triatomic molecule, Solution of Double and 
l'riple coupled pendulum, N-Coupled oscillators. 


Unit-II 16 hours 
Hamiltonian Formalism: Variational principle and Problems, Principle of least 
action, Hamilton's principle, Hamilton's equation of motion, Lagrange and 
Hamilton equations of motion from Hamilton's principle, Hamilton's principle to 
non-conservative and non-holonomic systems, Relativistic Lagrangian and 
Hamiltonian, Dynamical systems, Phase space dynamics and stability analysis. 
Hamilton-Jacobi Theory: Hamilton-Jacobi equation for Hamilton's principal 
function, Linear and damped harmonic oscillator problem by Hamilton-Jacobi 


method, Kepler's problem, Action angle variables, Application to Linear harmonic 
oscillator and Kepler's problem. 


Unit-III 14 hours 
Canonical Transformations and Poisson Brackets: Canonical transformation 
and problems, Poisson brackets, Canonical equations in terms of Poisson 
bracket, Integral invariants of Poincare, Infinitesimal canonical transformation 
and generators of symmetry, Relation between infinitesimal transformation and 
Poisson bracket, Problems based on Poisson bracket, Invariance of Poisson 
bracket, Liouville's Theorem. 


Unit-IV 16 hours 
Rigid Body Dynamics: Euler's angles, Euler's theorem, Moment of inertia 
tensor, Non- inertial frames and pseudo forces: Coriolis force, Foucault's 
pendulum, Formal properties of the transformation matrix, Angular velocity and 
momentum, Equations of motion for a rigid body, Torque free motion of a rigid 
body-Poinsot solutions, Motion of a symmetrical top under the action of gravity. 


Two Body Problems: Central force motions, Reduction to the equivalent one- 
body problem, Differential equation for the orbit and classification of orbits, 
Condition for closed orbits (Bertrand's theorem), Virial theorem, Kepler's laws 
and their derivations, Two body collisions, Rutherford scattering cross section, 
Scattering in laboratory and centre-of-mass frames. 


Transaction Mode: 


Lecture delivery using White Board and PPT, Problem Solving through 
Assignments. 


Suggested Readings: 
1. Thornton S.T. and Marion J.B.(2013). Classical Dynamics of Particles and 
Systems. Boston/Massachusetts, United State: Cengage Learning. 
. Safko J, Goldstein H and Poole C. P. (2011). Classical Mechanics. New 
Delhi, India: Pearson. 
. Walter G.(2010).Systems of Particles and Hamiltonian Dynamics. New 
York, USA: Springer. 
. Joag P.S and Rana N.C.(1991). Classical Mechanics. Noida, India:Tata 
McGraw-Hill. 
5. Thornton S.T and Marion J.B.(2013). Classical Dynamics of Particles and 
Systems. Boston/Massachusetts, United State: Cengage Learning. 
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